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Summary 
The submitted article is very clearly written and applies a clever pseudo-global warming (PGW) 
method to estimate of the relative contributions of dynamical versus thermodynamic change to 
recent Greenland ice sheet surface climatic mass loss.  
  
It's an interesting angle that "the change in the background thermodynamic environment, and its 
resulting impact on GrIS SMB, represents a more robust signal of climate change than the 
potential dynamical response 
  
Thank you for the time that you invested on this thoughtful review. Please find our 
response to each of your comments formatted in bold text below. 
  
**high level critique** in no particular order of importance… 
 
I think this is an attribution study, and so think the a-word belongs in article s title 

 
We appreciate your perspective here. In fact, this question is one that we also grappled 
with as authors before submitting for review. While we agree that the approach we took 
functionally acts to attribute observed mass loss to one effect of anthropogenic forcing, 
we are not sure that it meets the criteria of an attribution study as more formally defined, 
particularly as it pertains to the provision of a statistically-based confidence level. 
Rather, this study leans on prior works that attribute the observed changes in the 
background climate to anthropogenic causes and builds from there. In other words, our 
assertion that the thermodynamic change investigated in this study can be more 
confidently ascribed to anthropogenic warming is based on prior, more canonically-
defined attribution work, but our analysis does not directly compare the observed 
change over Greenland to the fingerprint of anthropogenic forcing versus that of internal 
variability and natural external forcing. 
 
Further, as noted by Reviewer #3, our experimental design is more constrained than 
typical attribution work. We are comparing the historical record with a hypothetical 
situation in which the anomalous atmospheric circulation of recent decades had 
occurred under a preindustrial background state. This falls short of assessing whether 
observed mass loss is caused by the full effects of anthropogenic forcing, which 
includes the combined contributions of the background thermodynamic state and any 
attendant dynamical response.  
 
While some (e.g., Trenberth et al, 2015; Lloyd and Oreskas, 2018) have argued that what 
qualifies as detection and attribution should be extended beyond the probabilistic 
assessments that currently define the approach to also include the so-called “storyline” 
approach that describes our analysis, we have chosen not to label this as an attribution 
study given the more narrow definition that is widely accepted at this time.  We do, 
however, agree that the title could more clearly define the thermodynamic forcing 
examined in the study: 

https://egusphere.copernicus.org/preprints/2025/egusphere-2025-4140/#RC2


“Estimating the Thermodynamic Contribution of Post-Industrial Warming to Recent 

Greenland Ice Sheet Surface Mass Loss” 

  
Trenberth, K. E., Fasullo, J. T., & Shepherd, T. G. (2015). Attribution of climate extreme 
events. Nature climate change, 5(8), 725-730. 
 
Lloyd, E. A., & Oreskes, N. (2018). Climate change attribution: when is it appropriate to 
accept new methods?. Earth's Future, 6(3), 311-325. 
 
The article would benefit from stating and focusing some discussion on assumptions, to what 
extent they may or may not be violated, e.g. coupling between ocean and atmosphere is 
assumed to be well represented by the approach... the relatively minor SMB response to 
changing sea ice, line 428 has implicit assumption "is evident that sea-surface conditions alone 
exert minimal influence on the ice sheet" .. Further discussion lines 434 to 440 rests on the 
assumption the modeling accurately captures ocean/atmosphere energy exchange. 
A sub point, assuming the modeling accurately captures ocean/atmosphere energy exchange, 
where around Greenland has the greatest sea ice change response? And can that regional 
signal be credibly interpreted? 
 
We appreciate the discerning and complimentary critiques that you and Reviewer 3 have 
provided on this issue. It is clear that our framing of the results of the PGW2 experiment 
should be better constrained to acknowledge the potential shortcomings of our 
experimental design and general model representation of relevant processes governing 
connections between the local marine environment and the state of the ice sheet. We 
wholly agree that the manuscript would benefit from explicit discussion of the 
assumptions at play, which may explain some of the disparity between observational and 
modeling work on this subject. In addition to the reviewer’s point regarding 
representation of ocean-atmosphere coupling, and as noted by Reviewer 3, our 
experimental design does not allow us to exclude the possibility of nonlinear interactions 
between combined changes in atmospheric and sea-surface conditions (SSC) leading to 
a greater impact than changes in SSC alone. Finally, while we deliberately designed the 
experiment to control for any indirect effects of SSC through modification of the 
synoptic-scale flow, this represents a legitimate pathway that likely explains some of the 
statistical relationship between SSC and the ice sheet established in previous work. We 
will carefully review the manuscript for areas where we can more clearly condition the 
results of PGW2 and we will extend our discussion and conclusions to acknowledge the 
points above and those raised by Reviewer 3.  
 
Regarding the regionality of the relationship between sea ice change and the ice sheet 
response, prior work has pointed to sea ice loss in Baffin Bay and the Davis Straight as 
driving melt over the western ice sheet (Stroeve et al., 2017; Rennermalm et al., 2009). 
The response in our PGW2 experiment does geographically align with the above-
mentioned observational analyses, with greatest mass loss along the western periphery 
of the ice sheet. While the modeled response does not penetrate as far into the interior of 
the ice sheet as suggested by the observations, this congruence should be noted in the 
discussion. We will raise this point in our extended discussion of the assumptions of our 
experimental design and potential model shortcomings in resolving connections 
between local SSC and the ice sheet.  
 



Rennermalm, A. K., Smith, L. C., Stroeve, J. C., and Chu, V. W.: Does sea ice influence 
Greenland ice sheet surface-melt?, Environ. Res. Lett., 4, 024011, 
https://doi.org/10.1088/1748-9326/4/2/024011, 2009. 
 
Stroeve, J. C., Mioduszewski, J. R., Rennermalm, A., Boisvert, L. N., Tedesco, M., and 
Robinson, D.: Investigating the local-scale influence of sea ice on Greenland surface 
melt, Cryosphere, 11, 2363–2381, 2017. 
  
A recurring question for me: 
a) 503-504 "suggests no appreciable contribution by the observed change in local sea-surface 
conditions to runoff production during these exceptional melt years" and/or the coupling of runoff 
to sea ice in the modeling is off/muted/incomplete 
 
While it is true that the results of our model experiment suggest no appreciable 
contribution by local sea-surface conditions, we agree that we should better condition 
this statement by providing a comprehensive discussion of potential model 
shortcomings in representing relevant processes. This includes potential biases in 
energy fluxes from ocean to atmosphere and the possibility of nonlinear interactions 
between concurrent changes in ocean and atmospheric conditions. 
 
b) 614 "Even so, this analysis reveals a minimal influence." or the coupling is 
incomplete/ineffective? 
 
Thank you. We will review the manuscript for this and similar statements and will be sure 
to condition them with an acknowledgement of potential limitations in model 
representation. 
 
c) 626-627 "It should also be noted that" or the coupling here is incomplete/ineffective? 
...alternative hypothesis, the not-explicitly-treated interplay between dynamics and 
thermodynamics is to blame for the counterintuitive result that is to reject the idea "that higher 
SST and lower SIC may promote earlier melt onset in the spring"? 
 
This is an important point that we agree should be emphasized more within the text. Our 
study design precludes the possibility of assessing any indirect impacts of changes in 
sea-surface conditions on ice sheet melt via potential alteration of the large-scale 
atmospheric flow. We will edit the text to condition our discussion of the PGW2 results 
accordingly and include an acknowledgement of the following studies, which suggest 
such a dynamical response to changes in sea-surface conditions around Greenland: 
 
Screen, J. A.: Influence of Arctic sea ice on European summer precipitation, Environ. 

Res. Lett., 8, 044015, https://doi.org/10.1088/1748-9326/8/4/044015, 2013. 

 
Liu, J., Chen, Z., Francis, J., Song, M., Mote, T., and Hu, Y.: Has Arctic Sea Ice Loss 

Contributed to Increased Surface Melting of the Greenland Ice Sheet?, J. Climate, 29, 

3373–3386, https://doi.org/10.1175/JCLI-D-15-0391.1, 2016. 

 

https://doi.org/10.1088/1748-9326/8/4/044015
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Sellevold, R., Lenaerts, J. T. M., and Vizcaino, M.: Influence of Arctic sea-ice loss on the 

Greenland ice sheet climate, Clim Dyn, 58, 179–193, https://doi.org/10.1007/s00382-021-

05897-4, 2022. 

 
  
KEY: "io" means "instead of", NUMEBRS: line numbers 
87-88 the idea of warmer atmosphere, more water vapor appears as a statistically robust 
feature of observational data, specifically N Atlantic SST and Northern Hemisphere near-surface 
air temperatures correlation with Greenland snow accumulation, matching theory articulated by 
Treberth (doi: 10.3354/cr00953), see https://doi.org/10.1175/JCLI-D-12-00373.1 figure 9a, Table 
3 and related discussion, e.g. "Paeth et al. (2002) link the increasing precipitation to increasing 
SST and atmospheric CO2." 
 
Thank you for noting this highly relevant work. We will add some text following lines 87-
88 to acknowledge the evidence outlined in the above-mentioned articles which supports 
the water vapor feedback mechanism that we describe at the start of the paragraph 
beginning on line 85.  
 
libe 603 "remotely sourced heat" is a point made by https://doi.org/10.1175/JCLI-D-12-00373.1 
and that study also examines N Atlantic SST as being less remote than the N Hemisphere 
 
Thank you for suggesting this paper, which helps us anchor our results in the existing 
literature while highlighting the congruence between our results and observational 
evidence. We will expand upon the statement on line 603 to note the relative correlation 
between accumulation and local versus hemispheric temperatures as additional 
evidence of the importance of remotely sourced heat and moisture to the mass balance 
of the ice sheet.  
  
526 "2019 underwent more frequent melt at lower elevations", 2019 had a low accumulation 
anomaly across the west, preconditioning the albedo feedback to do its thing alongside the 
anomalous synoptic forcing 
 
We will refer to Tedesco and Fettweis (2019) here to note the role of low snow 
accumulation in producing the anomalous melt of 2019. 
  
To make the text easier to follow, the abbreviations PGW1 PGW2 should be PGW_T_q 
PGW_SST_SIC, stacked super sub script, e.g. LaTeX 
 PGW_{\text{SST}}^{\text{SIC}} 
% or shorter 
PGW_\text{SST}^\text{SIC} 
% or even 
PGW_{\mathrm{SST}}^{\mathrm{SIC}} 
or HTML: PGW SST<sup>SIC</sup> or … 
 
Many thanks for this highly effective suggestion. We agree that this will improve 
readability and will adopt this into the text with a minor change to clarify that PGW1 
includes the sea-surface condition (SSC) adjustments in addition to the T and Q fields: 
 
Replace PGW1 with PGW_{\text{SSC}}^{\text{T,Q}} 
Replace PGW2 with PGW_{\text{SSC}} 

https://doi.org/10.1007/s00382-021-05897-4
https://doi.org/10.1007/s00382-021-05897-4


  

idea around Figure 7.: The delta LWD correspond to a delta T, if assuming same emissivity for 

control vs the two experiments (or emissivity as a function of water vapor), is the delta in 
effective radiative temperature consistent with the observed delta T 
 
We apologize, but we are not sure we understand what the reviewer is suggesting here. 
We can, however, clarify that while we approximate the thermodynamic response to 
external forcing via the climate perturbation that was estimated from CESM-LE data and 
applied at the model boundaries, the external radiative forcing within the model itself is 
constant between the three experiments. So, any change in downward longwave 
radiation should be reflective of the integrated contributions of changes in atmospheric 
temperature, water vapor content, and cloud cover. We are certainly willing to provide 
additional information or consider additional supporting analysis upon further 
clarification. 
 
The reader would appreciate capturing the main points with a smaller word count, otherwise I 
would have rated the article in 4) Presentation quality, as excellent because 4) Presentation 
quality includes "concise" 
 
We will thoroughly review the manuscript for opportunities to cut down on the word 
count while still capturing the main points.  
  
** lower level critique ** 
  
  
Main Text 
  
50 statistically "significant"? In any case, the s-word should be reserved for the result of a 
statistical test. 
 
We will edit the text to clarify that we do, in fact, mean statistically significant in this 
instance. Thank you for helping us to clarify.  
 
55,396,515 downward io incoming (find and replace); downward is the PMOD World Radiation 
Center standard 
 
We will replace all instances of “incoming” with “downward” when referring to energy 
balance terms.  
  
59-60 (Gallagher et al., 2018; Lenaerts et al., 2019; Noël et al., 2019; Wang et al., 2019). read 
and cite also http://dx.doi.org/10.1002/2016GL072212 
 
This citation will be added in support of the statement ending on line 60. 
  
62-63 cite also http://dx.doi.org/10.1002/2016GL067720 and 
http://dx.doi.org/10.3389/feart.2016.00082 
 

We will add these citations to those on lines 62-63. 

  
195 delete un-needed "quite", and in general to avoid ambiguity, avoid adjectives and adverbs 



 

Thank you for this helpful guidance. We will delete the referenced instance of “quite” and 

will address other instances of unnecessary syntax. 
  
252 delete un-needed "precipitous" 
 
We will delete “precipitous.”  
  
288 "bouts", have a read and consider incorporating ideas/results from 
https://doi.org/10.1029/2024GL110121 
 
Thank you for the recommendation. We will incorporate this reference into our 
discussion of the results here and note the potential competing influence of increased 
snow accumulation in a warmer climate on the mass balance of the ice sheet. 
  
306 supporting info in https://doi.org/10.1002/met.2134 figs 5 and 6 and related discussion 
 
We will incorporate this reference and note the congruence between historical trends in 
rainfall frequency and our modeling results.  
  
312 periphery io terminus 
 
We will replace “terminus” with “periphery” here.  
  
Fig. 6, aren't the units Gt per day? 
 
Thank you for catching this oversight. Yes, we will change the units in Fig 6 and Fig 11b,f 
to read Gt per day. 
  
throughout instead of [] around units, suggest ", unit" 
 
We will implement this change in formatting.  
  
345 "greatest over the northern ice sheet." consistent with Orsi study? 
 
Thank you for bringing the Orsi study to our attention. It is indeed consistent with our 
findings and we will incorporate it alongside our discussion of Noël et al. (2019) in the 
second paragraph of section 4. 
  
448 with io experiencing. The latter is for sentient beings. 
 
We will replace “experiencing” with “with.”  
  
451 incur (or exhibit) io experience 
 
We will replace “experience” with “incur” here.  
  
491-494 the following main insight deserves highlight in abstract and/or conclusions "This 
suggests that the relative importance of a changing background state under global climate 
change may be minimized during periods of strong synoptic-scale atmospheric forcing. In other 
words, the record melt observed during those two summers is more a consequence of 

https://doi.org/10.1029/2024GL110121


exceptional atmospheric circulation patterns than it is a direct consequence of the long-term 
warming trend" 
 
We will edit the final sentence of the abstract as follows to more clearly communicate 
this point (changes in italics): 
 

“Furthermore,the thermodynamic contribution to surface mass loss during the 

record melt years of 2012 and 2019 was less than half that of the long-term 

average, suggesting that the pronounced mass loss during those two summers was 

more a result of the anomalous atmospheric circulation than a direct consequence of the 

long-term warming trend.” 

  
500 "turbulent heat fluxes (Fausto et al., 2016a, b)." also Box et al 2022 GRL 
 
We will include Box et al. (2022) in support of the statement ending on line 500. 
  
524 remove un-needed "quite" 
 
This will be removed. 
  
534 "anomalously high atmospheric" io "anomalous atmospheric" 
 
Thank you for highlighting this unclear phrasing. We will adopt this change to clarify the 
sign of the moisture anomaly.  
 
546 "southwestern ice sheet" io "western slope of the southern ice sheet", elsewhere PLEASE 
use "ice sheet" instead of "GrIS" once it's obvious the geographic focus is Greenland 
 
We will make the suggested substitutions. Thank you for helping to improve the 
readability of the manuscript. 
  
537 "it relatively[?] susceptible" io "it more susceptible" 
 
We will replace “more’ with “relatively” here. 
  
566,elsewhere "downward" io "downwelling" (find and replace) 
 
We will replace all instances of “downwelling” with “downward.” 
  
609 un-needed "It is important to note that" 
 
We will remove this phrasing from the start of this sentence.  
  
618 nu-needed "It should also be noted that" but seems a new paragraph 
 
We will remove the quoted text and create a new paragraph here.  
 

 


